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ADHESIVE CQMPnsTTTnu 
The present invention relates to a creptng adhesive compositton i„ 

or cl>«.K.11, dtsniptln, )„ttrf1bre bond, ,„ «„ ,.p.r wb thereby Z 

L b' " "* • "« 

che«,«l d«,onder, to the «bro« «ter1al f,n« th. 

Ho««r. s«b «„..„t,o„., „tbods sener.,,, result f„ the product.oi, 

.M„l!r«b" "h*^ P.P.r«b U «, .„co.r.^s the ,.™t.o„ 

sort paper h., b.«. to »(hi.(s. the f,™t1on of th,M b«».s ddrthj 
«hu « „ the «b by .,„d,„, «ch..,c., c«,Kt,Oh Of 0» It 
««> « .by SU9. the«by prodKf„, „bs co-»„,y referred to 
nejer-pressM- «6s. In these processes, dryfn, of the web U 

1 ; "! thro„,h the web. end n 

•« b«n fo.nd thet the intern.) structure of such "never-pressed- 
«*, h., ., inherent bulk end softness which jelns the «.xl«. benefit 
from a subsequent creping step. 

Consumer demands for still softer sanitary paper products have ™eant 
that it has become increasingly difficult to produce paper of the 
required softness fron. conventional equipment for making soft-paper in 
which type of equipment the web is pressed to remove water and then 
creped fro« the surface of a Yankee dryer. Although better results 
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have been achieved using, the through -dryer technology discussed 
briefly above, such equipment Is very expensive both to Install and to 
operate. There has therefore been a substantial demand for methods of 
manufacturing soft paper which are capable of utilising conventional 
Yankee paper machines but which result in a softer product than has 
hitherto been possible to achieve on such equipment. 

In an attempt to reach these desired quality levels, proposals have 
been made for adding a second creping stage to a conventional 
single-crepe Yankee paper machine, but generally these have not been 
successful in producing a light-weight sanitary tissue web having a 
basis weight in the range of U to 34 g/m2 (8 to 20 lbs./28a0ft^) with 
the required degree of softness. Pather, paper of this weight 
produced on such machines has not generally exhibited the balance 
between softness and strength which is required for sanitary paper 
products. 

We have developed a method of making a creped paper web which is 
comparable in softness and strength to "never-pressed" paper webs but 
which can be produced using conventional equipment Incorporating 
mechanical de-watering and a Yankee dryer on which the web is dried 
and then creped. 

This method, hereinafter referred to as our dual-crtping method, is 
described and claimed in our co-pending British Patent Application Mo. 
8401492. In that patent application we describe a method of making a 
soft paper web having a basis weight of from substantially 8 to 20 
1b/2880ft2 comprising the following sequence of steps:- 

(a) forming a web from a slurry; 

(b) applying the web to the surface of a Yankee dryer: 

(c) creping the web from the surface of the Yankee dryer at a 
dryness of substantially between 93 and 97% by means of a 
first creping doctor; 

(d) drawing the web from the creping doctor and treating the 

■ web to reduce the elasticity of the web introduced by said 
first creping step such that the mean square stretch of the 
web, as defined below, is not more than 9%; 
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(e) applying the web by means of an overall adhesive to a 
crepfng drum; and 

(f) crepfng the web from the crepfng drum by means of a second 
crepfng doctor at a dryness of at least 93%. 

The mean square stretch (MSS) of a paper web fs deffned by the 
equation: 

MSS = /y/MDS x CDS 

where MDS fs the percentage stretch In the machine direction and CDS 
1$ the percentage stretch fn the cross-machine direction. 

The creped paper web produced by the said method is comparable in 
softness and strength to "never^pressed" webs. An advantage of our 
dual-creping method f s that the creped paper web can be produced usf ng 
conventional equipment incorporating mechanical de-watering and a 
Yankee dryer on which the web is dried and then creped. This 
advantage results from the use of a dual creping process in which the 
first creping step fs controlled so as to condition the internal and 
surface structure of the web 1n such a manner that the creping 
response is raaxfmfsed at the second crepfng stage. Such an 
arrangement is capable of producing soft paper at lower cost than 
apparatus using through-dryers to promote drying of the paper. 

In order to optimise the performance of the second crepfng stage, i.e. 
creping of the web from the creping drum, we have found that ft fs 
fmportant that the web is strongly adhered to the creping drum over 
substantially Its whole surface area, so that very high crepfng forces 
are employed to detach the web from the creping drum. 

Under such conditions extensive dfsruptfon of the ffbre bondfng fs 
achieved within a thin layer of the web which is fn contact wfth the 
drum resulting in a significant Improvement in the softness of that 
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web surface. The remainder of the web is creped in a very fine 
pattern. 

A problem arises in creping at the higher levels of adhesion 
attainable by the use of thermoplastic creping adhesives if the 
adhesive composition does not enable a uniform film of adhesive to be 
maintained on the creping drum over the extended periods of time 
required to obtain acceptable machine operating efficiences. 
Adhesives which provide the desired levels of adhesion tend to build 
up in thickness on the creping drum, usually in a non-uniform manner, 
resulting in variable adhesion and variable product properties. 
Attempts to control the uniformity of the residual adhesive film by 
mechanical means as. for example, by frequent changes of doctor 
blades, are undesirable because of the resulting adverse effect on 
machine operating efficiencies. 

A further problem arises in the use of thermoplastic adhesives in that 
portions of the adhesive which remain on the web surface after removal 
from the creping drum tend to cause the web to stick to itself as. for 
example, when the web is wound into rolls. This sticking of the web. 
termed "blocking-, can interfere with the subsequent unwinding of the 
Meb from the roll. The extent of the blocking depends on the nature 
of the adhesive, the amount of adhesive retained on the web surface, 
the moisture content of the web. the contact pressure arising in the 
wound roll and the temperature. Blocking is decreased at lower 
temperatures. Some cooling of the web occurs naturally trom the 
point of creping to the point of winding of the web into a roll . Some 
additional cooling of the web Is possible at low cost by the forced 
application of air at ambient temperatures onto the web surfaces. 
Still further cooling of the web as. for example, might be obtained by 
the use of refrigeration systems is costly and can be avoided by the 
use af adhesives which have minimal blocking tendencies at the roll 
winding temperatures which are either attained normally or are 
attainable by the blowing of ambient air onto the web. 
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copolymer having a molecular ITalt 1% ''^''<>Po^y^r or 
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The main component (al (n tl» cmpojttlons of t*. „ 
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acrylate. the desired adhesive forces can be obtained while also 
providing for the development and maintenance of a uniform adhesive 
film. Polymers of this kind will have glass transition temperatures 
between -50 and 32^0 . 

The amount of component (b) needed in admixture with component (a) to 
obtain the desired creping performance has been found to vary with the 
molecular weight of component (b). For example, we have found that 
when component (b) is a vinyl acetate horaopolymer having a molecular 
weight of from 100.000 to 250.000. an amount of component (b) of from 
20 to 40% by weight, based on the total weight of the solid adhesive 
components of the adhesive composition is preferred. Similarly, when 
component (b) is a copolymer of vinyl acetate having a molecular 
weight of from 5.000 to 75.000 the preferred amount of copolymer ror 
developing the desired adhesive properties is from 4 to lOX by weight, 
based on the total weight of the solid adhesive components of. the 
adhesive composition. 

we have found that the creping adhesive compositions of the present 
invention permit the winding of the creped webs into rolls without 
blocking problems when the temperature in the wound roll is below 
500C. Under normal operating conditions, temperatures of SQOC or less 
are usually oresent; if not temperatures of 50OC or less can be 
obtained by the forcing of ambient air onto the web surfaces as the 
web is transported from the point of creping to the point of roll 
vifindlng. ' 

In operating our dual creping process, the adhesive compositions of 
the present invention are applied to the creping cylinder in an amount 
of 0.12 to 0.3 grams of polymer nonvolatile solids per square metre of 
cylinder surface contacting the web. 

We have found that the creping adhesive compositions of the invention 
have adhesive properties which are particularly well suited to the 
conditions of operation of our said dual-creping method, and in 
particular that the adhesive- compositions are well suited for use in a 



said dual creping method In which the temperature at the second 
creping drum is from 110 to 1320C. 

The invention will now be illustrated by the following Examples. In 
the Examples, percentages are by weight unless specified otherwise. 

Basis weight (BU) is the weight per unit area of a sample of paper 
web; f.e., g/m2. 

Bulk is measured using a Federal Bulk Tester which measures the 
thickness of 24 sample sheets under a load of 36.4 g/cm2. 

The following properties of the paper web: machine direction tensile 
strength (MOT), machine direction stretch (MOS), cross-direction 
tensile strength (CDT), and cross-direction stretch (COS) were 
measured in accordance with TAPPI Standard T220M-60. The mean square 
stretch (MSS) has been defined above. 

Handfeel (HF) is measured subjectively by a panel of individuals 
against standard samples having handfeel values assigned on an 
arbitrary scale from 10 (least soft) to 100 (softest). 

The handfeel values quoted in the Examples are measurements made on 
the surface of the sheet which was in contact with the surface of the 
second creping drum. 

In the Examples, a dual creping method and apparatus of the type 
described in our British Patent Application Mo. 8401492 was used to 
produce the creped web. 




EXAMPLE I 

Example. I Illustrates the increased softness of light-weight two ply 
tissues produced by the invention where the smooth, soft sides of the 
i:reped webs can be turned out as compared to two-ply tissues produced 
on a conventional dry crepe Yankee machine. 
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. * «f 100% bleached sulfate pulp on a conventional 
A web is fonned of 1001 bie 

""^""rrnrcyl a" t^e practice of t.e dual cepin. 
, second cr in^ c ^ ,n d^ness (3* moisture 

process. The web u o the Yankee was augmented by the 

at the point of creping. Adhe o to^ ^^^^^^ ^^^^^^^ 

Teflon is . re,>swr«l ' ""^^^ „epf.9 
. theraopusti' cretins Jines"' W 

„s1n9 a s?'» conf.9"«M">- ™ • 750.000) - 

l«ol«„1.r «1.«t 75.0«> ^^^^ ^,^^„„„ 

mluu mvlns » T, ot sufficient to 

.pr„.d onto ^"Z7SZ T'^ 

apply 0.2 9" "1' P"'^" solids P«r , ,3.2„/sec 

.^-^^iro^ rrrte^r^Tt t. c.p,n, 

p.„,n, «.r»««. «>. P.<"t Of c n«ct of he 

« . ;7^r:„ ^ s„rf,ces .Men 

then rewound into a two p y v properties 

contacted the second crep.ng ^y''^'^' ^'J'J^ .^^ ,,„owing Table: 
of the resulting two-ply product are given in the 
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39.5 g/in2 

^"^•^ 0.655 cm/24 sheets 

264 g/cm 

MOS 

97 q/cm 
CDS 9.61 

HF 91 



A two-oly product made on a conventional dry-crepe Yankee paper 
"achfne without the invention was not available using an identical 
pulp furnish. A product prepared using a similar furnish comprised of 
70S softwood sulfate pulp and 30X hardwood sulfate pulp had the 
following physical properties: 



8W 


40.7 g/m2 


Bulk 


0.68! cm/24 sheets 


MOT 


172 g/cm 


MOS 


221 


CDT 


59 g/cw 


CDS 


4.7X 


HF 


57 



Handfeel (HF) is evaluated subjectively on an arbitrary scale in 
comparison with standard samples having predetermined hf values The 
softest products, available commercially, are rated at about 100 using 
the scale employed for the above measurements, whereas conventional, 
tw-oly dry crepe tissues typically are rated between 55 and 70. The 
handfeel rating of 91 for the product made using the invention Is 
Significantly softer than the two-ply products produced using 
conventional methods. 

It is desirable to produce tissue products which are both soft and 
strong. Increased softness can usually be obtained by reducing the 
Strength of a creped tissue product. A further sionificant advantage 
of this invention is that the greater softness, as shown in this 
Example, was attained with a substantially greater tensile strength. 
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EXAMPLE II 

Example II illustrates the increased bulk and softness of a single-ply 
tissue product produced by the invention. 

A web was formed on a conventional fourdrinier paper nachine from a 
pulp mixture of 8fl% softwood bleached kraft and 12% secondary fiber. 
The wet web was pressed and dried on a Yankee cylinder to a dryness of 
97% just prior to the creping blade. A conventional crepinq adhesive 
was applied to the Yankee cylinder surface in an amount of 0.25 g/kg 
of product to improve adhesion of the web to the Yankee surface. The 
web was creped from the Yankee surface under conditions allowing 6% 
crepe in the web prior to the second crepinq step. The web after 
Yankee creping had the following physical properties: 



6W 


25.3 g/mZ 


Bulk 


0.323 cm/24 sheets 


MOT 


169 g/cm i 


MPS 


12.3% ] 


COT 


SR g/cm 


COS 


7.1% 


HSS 


9.3% 



The dry web was then pressed onto a 1 .52 metre diameter, steam-heated 
second creping cylinder. This cylinder was coated with a creping 
adhesive composition in the form of a polymer film which provides the 
adhesion between the web and the cylinder surface. The polymer film 
was sprayed onto the cylinder surface as an aqueous dispersion 
containing ?% polymer solids at the rate of 0.22 grams of dry polymer 
solids per square metre of cylinder surface. The polymer solids was a 
mixture of 70% of high molecular weight polyvinyl acetate (molecular 
weight - 1,200,000) having a Tg of 360C. and 30% of low molecular 
weight polyvinyl acetate (molecular weight « 125,000) having a Tg of 
320C. The cylinder surface speed was 12.7 n/sec. After the web is 
pressed on the cylinder and polymer film, the web and film are heated 
by the cylinder to a temperature of 1320C. just prior to reaching the 
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creping blade. The. creping blade is set such that the crepfng angle 
IS 40 above the cylinder radial line at the point of contact. Ti,e 
creped web issuing from the creping cylinder is wound into a roll at a 
speed of 11.4 m/sec resulting in a total of lfi% crepe in the dual 
creped web. The physical prdperties of the resultant creped web are 
given in the following Table: 



BW 


28.7 g/m2 


Bulk 


0.541 cm/24 sheets 


MDT 


106 g/cm 


MDS 


22. 6S 


CDT 


48 g/cm 


CDS 


10.7* 


HF 


90 



The product produced by this dual creping process employing the 
creping adhesive composition of this invention in the second crepint, 
step has a substantially greater softness (HF 90) compared to hanafeei 
ratings of between 35 and 55 for single-ply dry creped tissue webs at 
the same tensile strength levels. The softness of single-ply dry 
creped webs are in the low to intemediate. range of softness" of H„ue 
products. Whereas the softness of the single-ply product of this 
invention approaches that of the highest softness products in the 
marketplace, in addition to the increased softness, the bulk of the 
dual creped product of this invention was increased by 681 over the 
bulk of the dry-creped web as removed from the Yankee dryer. Further 
the cross-direction stretch of the dual creped web was also increased' 
substantially. 

These examples illustrate the superior softness attainable in webs 
produced by the practice of this invention. The softness effect Is 
greatest in the surface of the web which contacted the second creping 
drum. Hence, the greatest product improvement is attained in the 
manufacture of two-ply tissue products in which the softer surface of 
each of the two plies is turned outward. In one-ply tissue webs, only 
one of the surfaces will have the superior softness. 



CLAIMS: 
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1. . A thennopUstic creping adhesive composition which ,s in the 
fom of an aqueous polymer dispersion. con,,rising. as solid adhesive 
components dispersed in an aqueous medium: 

(a) a major proportion of a vinyl acetate "^oP^^^^^^^f/J 
vinyl acetate copolymer in which the vinyl acetate units on„ at 
least 90* by weight of the polymer, the said homopolymer or 
cop:;mer hiving a molecular weight of from SCO 000 to 00,000 
and a glass transition temperature of from 28 to 360C. and 

(b) a minor proportion of a vinyl acetate homopolymer or 
Z:Cr ^avin'g a molecular weight of from 5.000 to 250.000 and 
a glass transition temperature of from -50 to 32 C. 

2 A creping adhesive composition according to Claim 1 . wherein 
exponent (b) is a vinyl acetate homopolymer having a molecular weight 
of from 100,000 to 250,000, 

J A crepin, a*.s1« c»^st.1o, «c.r4<., to CU1. ^- '""^'T 
. ™..nt (b) U froB 20 M W b» »et9l>t. on . dry solids 

z:. - «« so,,* «' 

the adhesive composition. 

4. A cr^ln. .dh.s<..,c«,.snion ''"ll^^;" 
Might of froo 5.000 to 75,000. 

' /sT: r: ro;t:.:ror- 
z:. ir;:: . - so,. ^-^^^ . 

the adhesive compost t1 on. 



6. A creping adhesive composition according to any one of the 
preceding claims, wherein component (b) is a copolymer of vinyl 
acetate and a monomer selected from octyl maleate. butyl acrylate and 
2-ethyl hexyl acrylate. ^ ^ 

7. A thennoplastic creptng adhesive composition substantially as 
hereinbefore described in Example I or Example 11. 



